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© Apparatus for monitoring a bloodstream. 



© Apparatus for monitoring bloodstream in the skin 
surface (S) includes a laser light source (L) for 
projecting a laser beam onto the surface and an 
objective lens (1) for collecting light reflected from 
the surface and scattered by blood ceils, and focus- 
ing it onto a linear image sensor (2). The signals 
read out of the elements of the linear image sensor 
are converted into digital signals and stored in a 
memory (5). A calculating circuit (7) evaluates blood- 
stream velocity or the velocity distribution from these 
stored values and a display device (6) shows the 
calculated values. 
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APPARATUS FOR MONITORING A BLOODSTREAM 



The present invention relates to an apparatus 
for monitoring a bloodstream flowing through a 
blood vessel, and more particularly to an apparatus 
for measuring a distribution and a variation in time 
of an average velocity of a bloodstream in a skin 
surface of a patient by means of the laser speckle 
method. 

When laser light is incident upon a living tissue 
such as skin, the laser light is scattered by par- 
ticles constituting the blood, and scattered light 
rays interfere with each other to form a random 
pattern, i.e. a speckle pattern. This speckle pattern 
changes in time due to the movement of the blood 
cells in the blood vessel. Therefore there can be 
derived a noise-like signal representing the velocity 
of the bloodstream by measuring the variation in 
time of the intensity of light scattered from a cer- 
tain point on the skin. This phenomenon was found 
by Dr. M.D. Stern et al around the year 1975. By 
utilizing this phenomenon, the bloodstream can be 
measured with the aid of frequency analysis of the 
speckle signal without damaging the skin. The 
study of this phenomenon has been rapidly devel- 
oped and the apparatus for monitoring the blood- 
stream has been commercially available as the 
laser Doppler bloodstream meter. 

In the known apparatus, the variation in time of 
the bloodstream at a point is detected with the aid 
of an optical fibre scope, or any abnormal condition 
is detected by comparing the measured data with 
data from a standard reference point. However, in 
the known laser Doppler bloodstream meter using 
the optical fibre, since an area of the detection 
point has a very small diameter such as several 
millimeters, the measured data fluctuates for re- 
spective measuring points. Therefore, the existing 
apparatus is not suitable to estimate the blood- 
stream in a rather large area. Further, since the 
signal obtained via the optical fiber scope is inher- 
ently noisy, there must be provided an integrating 
circuit or low pass filter for smoothing the noisy 
signal. When the time constant of these circuits is 
made large, the variation of the bloodstream can 
be displayed slowly, but the sensitivity to any rapid 
change in the bloodstream is decreased. 

This inability to display the variation in time of 
the bloodsteam with a high response sensitivity, or 
to indicate the distribution of the bloodstream activ- 
ity represents a technical problem. 

The present invention provides an apparatus 
for monitoring a bloodstream comprising light pro- 
jecting means for projecting a laser light upon an 
object; and light receiving means for receiving laser 
light reflected from the object; characterised in that 
the light receiving means comprises a plurality of 



light receiving elements, and in that the apparatus 
further comprises memory means for storing output 
signals read out of the light receiving elements; 
calculating means for processing the output signals 

5 stored in said memory means to derive information 
about a bloodstream of the object; and display 
means for displaying the information about the 
bloodstream. 

The apparatus of the present invention is ad- 

70 vantageous relative to the existing laser Doppler 
bloodstream meter using an optical fibre probe 
because it can respond more quickly to changes in 
the bloodstream velocity. A further advantage is 
that the variation of the bloodstream over a larger 

75 skin surface can be measured. In this way the 
information obtained is more useful for diagnosis. 

Two embodiments of the invention whereby the 
bloodstream velocity variation with time or the 
bloodstream velocity distribution over a portion of 

20 the skin may be monitored, will now be described, 
by way of example only, with reference to the 
accompanying diagrammatic drawings, in which: 

Figure 1 is a perspective view showing the 
manner of monitoring the bloodstream in the skin 

25 surface with the aid of the apparatus according to 
the invention; 

Figures 2{a) and 2(b) are graphs illustrating 
the output signal of the bloodstream monitoring 
apparatus; 

30 Figure 3 is a block diagram depicting the 

construction of the signal processing unit of the 
bloodstream monitoring apparatus; 

Figures 4(a) and 4(b) are graphs illustrating 
the output signal of the apparatus; and 
35 Figure 5 is a perspective view showing an- 

other embodiment of the bloodstream monitoring 
apparatus according to the invention. 

Figure 1 is a perspective view showing - 
schematically an embodiment of the bloodstream 
40 monitoring apparatus according to the invention. 
The apparatus comprises a laser light source L for 
projecting a laser light beam B upon a skin surface 
S. The laser light source L comprises a laser for 
emitting a laser beam and a cylindrical lens for 
45 converting the laser beam emitted from the laser 
into a rectilinear beam having a width of several 
centimeters. The laser light reflected by the skin 
surface S is incident upon a linear line sensor 2 via 
an objective lens 1. The linear line sensor 2 corn- 
so prises a number of light receiving elements ar- 
ranged in one direction. On the light receiving 
surface of the line sensor 2 there is formed the 
speckle pattern which varies in time in accordance 
with the movement of blood cells in blood vessels 
within the skin surface S. Therefore, by scanning 
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the line sensor 2, there may be obtained pho- 
toelectric signals representing the variation in time 
of the speckle pattern. 

Figures 2(a) and 2(b) are graphs showing the 
variation in time of the output signal from the line 
sensor 2 f while the laser light is incident upon the 
skin surface S at the* same point. Solid line and 
broken curves represent the output signals at dif- 
ferent timings. Figure 2(a) shows the output signals 
when the bloodstream velocity is high, and the 
curve shown in Figure 2(b) denotes the output 
signals when the velocity of the bloodstream is tow. 
In Figure 2(a), the output signal at the second 
timing is greatly different from that at the first 
timing due to the large variation of the speckle 
pattern. On the contrary, the output signals at the 
first and second timings shown in Figure 2(b) are 
substantially the same as each other, because the 
variation of the speckle pattern is small. Therefore, 
when differences between the output signals from 
each of the image sensing elements in the sensor 

2 at different timings are derived and are accu- 
mulated, an accumulated value becomes large for 
the Figure 2(a) condition and remains relatively 
small for the Figure 2(b) condition. By effecting the 
operation at a high speed, it is possible to trace the 
variation in time of an average velocity of the 
bloodstream along a given line. 

Figure 3 is a block diagram showing a signal 
processing unit. An output signal from the line 
sensor 2 is successively supplied to video amplifier 
3, A/D converter 4, memory 5 and display 6. These 
circuits are connected to a microcomputer 7 and 
are controlled by the microcomputer and signals 
are transmitted between the circuits and the micro- 
computer. 

The line sensor 2 comprises 256 light receiving 
elements and output signals successively read out 
of the elements are amplified by the video amplifier 

3 and are converted into digital signals by the high 
speed A/D converter 4. These digital signals are 
then stored in the memory 5. Under the control of 
the program stored in the microcomputer 7, differ- 
ences between output signals at successive sam- 
plings from each of the light receiving elements are 
calculated and then these differences thus cal- 
culated are accumulated. The calculation is carried 
out in the following manner. 

Now it is assumed that the number of light 
receiving elements of the line sensor 2 is N, and 
output signals from n th light receiving element an 
timings t and t + At are expressed by l(t,n) and I- 
(t+ At,n), respectively. Then, the accumulation val- 
ue V(t) can be calculated as follows. 
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V(t)- 2|Kt,n)-I(t+ t,n)| 

The accumulated value V(t) is proportional to the 
average velocity of the bloodstream at the timing t. 
The above calculation is performed at a high 
speed, and the calculated value is displayed on the 
display 6 as a series of waveforms or is supplied to 
a recorder. In this manner, the variation in time of 
the bloodstream can be measured. 

In the embodiment so far explained, the vari- 
ation of the bloodstream velocity in time is mea- 
sured. According to the invention, it is also possible 
to display the distribution of the bloodstream by 
changing the program stored in the microcomputer 
7. 

Figure 4(a) shows output signals read out of 
the line sensor 2 at two successive timings, while 
the laser beam is incident upon a position of the 
skin surface. In the right hand half of the graph, the 
blood stream velicity is high, while in the left hand 
half, the bloodstream velocity is low. In the right 
hand half, since the pattern shows the large vari- 
ation, values of the output signals at respective 
light receiving elements differ largely from each 
other, but in the left hand half, the differences are 
small. Therefore, when these differences are accu- 
mulated for respective light receiving elements for 
a predetermined period, it is possible to obtain the 
distribution of the bloodstream velocity in the scan- 
ning line as shown in Figure 4(b). 

The above mentioned scanning is repeated 
several hundred times and data thus obtained is 
stored in the memory 5. Then, under the control of 
the program stored in the microcomputer 7, there 
are derived differences between the outputs of two 
successive scannings. This operation may be per- 
formed in the following manner. 

Now it is assumed that an output signal from 
n th light receiving element of the line sensor 2 in 
the k th scanning is denoted by lk(n) and that in 
(k + 1 ) th scanning is represented by lk+1(n). Then, 
an absolute value of a difference between these 
output signals can be derived as follows. 

Ak(n)= lk(n)-lk+1(n) 
The differences are accumulated for a number of 
scanning times M. 



V(n)-7Ak(n) 



Then, V(n) thus calculated is proportional to the 
bloodstream velocity at a relevant point. The values 
V(n) are calculated for each of the N light receiving 
elements to obtain the distribution of the blood- 
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stream velocity along the measuring line B on the 
skin surface S. Then the distribution curve is dis- 
played on the display 6 as illustrated in Figure 4- 
(b). 

When at least one of the skin surface S and 
the measuring system including the objective lens 
1 and line sensor 2 is moved in the direction 
perpendicular to the direction of the scanning line 
B, it is possible to obtain a two dimensional blood- 
stream velocity distribution over a certain area of 
the skin surface S. 

Figure 5 is a perspective view illustrating an- 
other embodiment of the bloodstream monitoring 
apparatus according to the invention. In the present 
embodiment, the two dimensional distribution of 
the bloodstream is measured with the aid of the 
linear line sensor. A laser light beam emitted from 
a He-Ne laser light source 1 1 is expanded in one 
direction by means of a cylindrical lens 12 and is 
made incident upon the skin surface S via a reflec- 
tion mirror 14 which is swung by an electric motor 
13 at a constant speed. Therefore, the skin surface 
S is scanned with the laser beam in a direction A 
shown in Figure 5. The laser beam reflected by the 
skin surface S is reflected again by the swinging 
mirror 14 and is then made incident upon a line 
sensor 16 via an objective lens 15. 

By swinging the mirror 14 to move the scan- 
ning line B in the direction A, the skin surface S is 
scanned two-dimensionally and a two-dimensional 
map of the bloodstream can be formed. Such a 
map is quite useful for diagnosis. Further, the map 
may be displayed on a color monitor in such a 
manner that different velocities of the bloodstream 
velocity are displayed with different colors. With 
the aid of such a colored map, it is possible to 
grasp the condition of the bloodstream in fine 
blood vessels at a glance. Such a colored map 
may be effectively used together with a thermog- 
raphy image of the area. 

In the above embodiments, the scattered light 
is detected by the linear line sensor, but it is also 
possible to detect the scattered light by means of a 
two-dimensional image sensor. By using a two- 
dimensional sensor, the variation in time of the 
bloodstream velocity and the bloodstream distribu- 
tion may be detected two-dimensionally. In this 
case, a laser beam expanded in two orthogonal 
directions has to be made incident upon the object. 

Moreover, when the sensitivity of the two-di- 
mensional image sensor, i.e. CCD, or the output 
power of the laser light source is sufficiently high, 
the useful data may be obtained without moving 
the object and measuring system relative to each 
other by expanding the laser light two-dimension- 
ally. 

As explained above, in the bloodstream moni- 
toring apparatus according to the invention, it is 



possible to display the variation of the bloodstream 
and the distribution of the bloodstream which are 
very useful for diagnosis. As compared with the 
known laser Doppler bloodstream meter using the 
optical fibre probe, the response for the blood- 
stream change is very high and the field of detec- 
tion can be made wider. 



ro Claims 

1 . An apparatus for monitoring a bloodstream 
comprising light projecting means (L; 11, 12, 14) 
for projecting a laser light upon an object (S); and 

15 light receiving means (1, 2; 14, 15, 16) for receiving 
laser light reflected from the object (S); charac- 
terised in that the light receiving means (2; 16) 
comprises a plurality of light receiving elements, 
and in that the apparatus further comprises mem- 

20 ory means (5) for storing output signals read out of 
the light receiving elements (2; 16); calculating 
means (7) for processing the output signals stored 
in said memory means to derive information about 
a bloodstream of the object (5); and display means 

25 (6) for displaying the information about the blood- 
stream. 

2. Apparatus according to claim 1 , characteris- 
ed in that said laser light projecting means com- 
prises a laser light source (L; 11) for emitting a 

30 laser beam, and an optical element (12) for ex- 
panding the laser beam in one direction. 

3. Apparatus according to claim 2, characteris- 
ed in that said laser light source comprises a He- 
Ne laser. 

35 4. Apparatus according to claim 2, 3 or 4, 

characterised in that said optical element com- 
prises a cylindrical lens (12). 

5. Apparatus according to claim 3 or 4, charac- 
terised in that said light receiving means comprises 

40 an objective lens (1, 15) for collecting light rays 
reflected from the object (S), and having a number 
of said light receiving elements arranged in a line 
image sensor (2; 16) extending in said one direc- 
tion in which the laser beam is expanded. 

45 6. Apparatus according to claim 5, characteris- 

ed in that said laser light projecting means further 
comprises a mirror (14) arranged rotatably about 
an axis which extends in said one direction, and an 
electric motor (13) for rotating the mirror (14), 

so whereby said objective lens (15) is arranged be- 
tween the mirror (14) and the line image sensor 
(16). 

7. Apparatus according to claim 1 , characteris- 
ed in that said laser light projecting means com- 
55 prises a laser light source for emitting a laser 
beam, and an optical element for expanding the 
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laser beam In two orthogonal directions, and in that 
said light receiving means comprises a two dimen- 
sional image sensor. 

8. Apparatus according to any one of the pre- 
ceding claims, wherein said calculating means (7) 
calculates an average velocity of the bloodstream. 

9. Apparatus according to claim 8, characteris- 
ed in that said calculating means performs the 
following calculation; 



wherein N is the number of the light receiving 
elements, !(t,n) is an output of n th light receiving 
element at a sampling time t, and l(t + At,n) is an 
output of n th light receiving element at a next sam- 
pling time t+ At. 

10. Apparatus according to any one of the 
preceding claims, characterised in that said cal- 
culating means calculates a distribution of the 
bloodstream. 

11. Apparatus according to claim 10, charac- 
terised in that said calculating means performs the 
following calculation; 



wherein Ak(n) = lk(n)-lk + 1 (n) , Ik(n) and 
lk + 1(n) are outputs of n ,h light receiving element at 
k th and (k + 1) lh samplings, respectively, and M is 
the number of samplings. 

12. Apparatus according to claim 10 or 11, 
characterised in that said display means (6) com- 
prises a color monitor for displaying different levels 
of said distribution of the bloodstream as different 
colors. 
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